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SUMMARY

A low-speed investigation was made in the Langley stability tunnel
to determine the directional stability characteristics of tandem nonoverlap-
type helicopter fuselsges without rotors. The investigation consisted of
a study of both bent and straight fuseleges having elther circulasr or
essentially elliptical cross sectlions and with two vertical-tail sizes.

The results of this investigation indicate that a stralight fuselage
with circular cross sections, in general, had a more nearly linesr vari-
ation of yewing-moment coefficient with angle of sideslip and a smaller
variation of directional stability with angle of attack than the bent and
straight fuselage models with elliptical cross sections and a bent fuse-
lage with a circular cross section. Changing the cross-sectional shape
from elliptical to circular resulted in a more nearly linear variation of
vewing-moment coefficient with angle of sidesliip and a smaller varistion
of directional stabllity with angle of attack. Adding the bend in the
fuselage, in general, made the adverse effects of flattening the fuse-
lage cross section more pronounced. The basic twin vertical tails, each
having an ares of 46.30 square inches, did not provide directional sta-
bility throughout the angle-of-attack range for any of the models investi-

geted; however, twin vertical tails of about 2% times this area provided

a substantial improvement in the directional stability for all models.
INTRODUCTION

The results of flight tests have shown that a tandem nonoverlap
type of helicopter (a helicopter with nonoverlspping rotors) with a bent-
fuselege form and a relatively deep elliptical nose section was direc-
tionally unstable st positive angles of attack and that this instability
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was particularly undesirsble in the autorotative and partiasl-power-descent
flight conditions (ref. 1). A wind-tunnel investigation (ref. 2) of =
model of this helicopter configuration, without rotors, has shown that

the directional stability of the fuselage varied a large amount with
angle of attack and that this variation of directionsl stability was
assoclated with the rate of change with sideslip angle of an asymmetric
trailing vortex system that existed on the fuselage. These character-
istics are not commonly encountered with straight, relatively circular
fuselages used for airplanes.

The use of spoilers around the nose of the fuselage resulted in an
improvement in the directional stability characteristics of this config-
uration by reducing the unstable yawing moment obtained with the fuselage
alone. These spoilers, of course, resulted in an increase in drag.

' Since the bend in the fuselage of the nonoverlep-type helicopter
mey be necessary for rotor and ground clearance, an experimental investi-
gation was made in the Langley stabllity tunnel in order to determine the
relative Iinfluence of the fuselage cross-sectionsl shape and fuselage
bend on the directional stability characteristics. As in the investiga-
tlon of reference 2, these models were tested without rotors.

The present investigation consisted in the measurements of the
aerodynemic forces and moments throughout a range of sideslip angles at
four angles of attack for the models both without tails and with two
slzes of twin vertical taills. The fuselege models used in this investi-
gation were: a bent fuselage (fuselsge 3 of ref. 2), a straight fuselsge
with essentially elliptical cross section at the nose, and both a bent
fuselage and a straight fuselage wilth circular cross sections. A1l fuse-
lages had, in genersl, the same longitudinal distribution of cross-
sectional ares.

SYMBOLS

The data presented herein are referred to the wind system of axes
with the origin at the assumed centers of gravity of the fuselages. The
positive directions of forces, moments, and angles are shown in figure 1.
The symbols and coeffilcients employed are defined as follows:

A vertical-tail aspect ratio, b2/St

b vertical-tail height, ft

c vertical-talil mean aerodynamic chord, ft
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Ct

Cn,t

vertical-tall chord, £t

distance between vertilecal tails, ft
distance between rotor hub centers, L.23 ft

tall length (distance from center of gravity to ct/h of

vertical tall measured paraellel to fuselage reference
line), £t

total rotor disk area, 26.39 sq ft
area of one vertical tail, sq ft

tail thickness, £t (see fig. 3)

free-stream velocity, ft/sec

pv2
dynamic pressure, = lb/sq ft

mass density of air, slugs/cu £t
angle of attack of fuselsge reference line, deg
angle of sildeslip, deg

vertical-tall taper ratio

Drag
q28g

drag coefficient,

Side force
a25g

slde-force coefficlent,

Yawing moment
g2541

yvawing-moment coeffieient,

yawing-moment coefficient ettributable to vertical tail
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Rolling moment
qESdl

Cy rolling-moment coefficient,

aC
Cng = SEE (slope of Cp through B = 0°)

Cnﬁ,t = (Cnﬁ for fuselege with tail) - (Cnﬁ for the fuselage alone)

Component designations:

Ty tail 1 (tail 5 of ref. 2), (see fig. 3)

To tail 2 (see fig. 3)

F1,Fp,F3,F) fuseleges 1, 2, 3, and 4, respectively (see fig. 2)

MODELS, APPARATUS, AND TESTS

The nonoverlap-type helicopter fuselage models used in this investi-
gation were made of laminated mahogany and are shown in figure 2. These
models are designated herein as:

F1, bent fuselage with baslc cross section referred to hereinafter as
elliptical '

Fo, bent fuselage with cilrcular cross section

F5, stralght fuselage with elliptical cross section

Fh’ stralght fuselage with circular cross section

Each fuselage had the seme cross-sectional shape (either circuler or
elliptical) throughout with the exception of fuselage F, where the

elliptical section becomes somewhat distorted rearward of the center of
gravity. All fuselsges had approximately the same longitudinal distri-
bution of cross-sectional area. These fuselages were the same length

ag fuselage 3 of reference 2 which was a l/lo-scale model of & present-
day tandem-helicopter fuselage. The vertical tails T3 and Tp (£ig. 3)

used in the present tests were made of l/h-inch—thick plywood (Tg had
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approximately 2% times the ares of Tl)- Photographs of the test fuse-

lages with T, are presented as figure k. Comfiguration F3T2 is
shown mounted on a support strut in figure 5.

The models were mounted rigidly to a siungle strut support, at a
point midway between the rotor hubs, in the 6-by 6-foot square test sec-
tion of the Langley stébllity tunnel. The forces and moments were meas-
ured by means of s six-component mechanlcal balance system.

Except for a few cases, all tests were made at a dynamic pressure
of 39.7 pounds per square foot which corresponds to s Mach number of
about 0.17. The test Reynolds number was 5.50 X 1.06 based on the overall
fuselage length. Three tests with the FoTo configuration were made at

a dynemic pressure of 24.9 pounds per square foot which corresponds to

&8 Mach number of about 0.13 and a Reynolds number of k.36 x 106. The
angles of sideslip investigated for all configurations ranged from
about -25° to 25° at angles of attack of -300, -109, 10°, and 30°. The
horizontal tail was set at an angle of incidence of approximately 9° for
all tail-on tests.

CORRECTIONS

The data obtained 1n this investigation were not corrected for
support-strut interference or blockage effects with the exception of the
drag coefficient, which was corrected only for tares. TIn general, previ-
ous tests have indicated that these corrections are not lmportant to the
Interpretation of these resulis.

RESULTS AND DISCUSSION

Presentation of Data

The baslc data in the form of yawing-moment coefflcients plotted
agalnst B are presented in figure 6 for the fuselages with tail 1 (Tl),

in figure T for the fuselages alone, in figure 8 for the isolated tail
(Tl) and the contribution of the tail to the yawing-moment coefficlent,

and in figure 9 for the fuselages with tail 2 (Tg). A plot of the direc-
tional stability perameter CnB (measured through B = 0°) against o

for the fuselages alone and fuselsges with T; and Ty 1is presented as
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figure 10. In figure 11 is presented the contribubion of the tails to

the directional stebility as expressed by the yawlng-moment coeffilclent

of the fuselage-tall combination minus the yawing-moment coefflcient of
the fuselage. Alsc presented in flgure 1l are experimental and calculated
deta for isolated tell T; and calculated data for T2. The drag coef-

ficient plotted against o 1s presented as figure 12 for the fuselages
alone and for the fuselsges with T;. Since the purpose of the present

paper is to provide an evaluation of the directional stebllity, only the
yawing-moment deta are discussed. The side-force and rolling-moment
coefficients were also obtained, however, and are presented in figures 13
to 18 without discussion. '

Directional Characteristics of Fuselage With and Without T4

0f all the configurations investigeted, FyTy (straight fuselage

with circular cross section) has the most nearly linear yawing-moment
characteristics (see fig. 6) and the smallest variation of Cnﬁ (measured

through B = 0°) with angle of attack (see fig. 10). Configuration F)Tq

generally had about neutral stabllity for the angle-of-attack range
investigated with the exception of « = 10°. These data indicate, to a
large degree, that the vertical tail (T1) is not of sufficient size to

provide much directional stability.

An examinetion of the data for the remaining configurations F1T;,
FgPy, and Fzly (figs. 6 end 10) shows that, in general, F3Tj hes
better stability characteristics than elther FoI; or FTq since its

directional stability varied, in comparison, only a small smount with
sngle of sttack. The results for the bent-fuselage models (Fng

and. FlTl) show that the directionel stability varied a large'amount with

angle of attack; however, the megnitude of this effect was smaller for
FoT1 than for FiT1. (See figs. 6 and 10.)

The effect of cross-sectional shape on the yswlng-moment character-
istics for the bent and straight fuselages can be seen from a study of
figures 6 and 10. These results show that, for the bent fuselages,
changing from elliptical cross sectlon to circular cross section generally
resulted in a more nearly linear curve of C, with f and less verlation

of CnB with angle of attack. This effect of cross-sectional shape is

similar to the results for airplane fuselages with a deep cross section.
(See refs. 3 and L4.) Results for the straight fuselages with tall Ty

(figs. 6(c), 6(d), and 10) show generally a similar, although somewhat
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semaller, effect of cross section. 1In general, the bend in the fuselage
makes the adverse effect of flabttening the fuselage cross section more
pronounced. (See figs. 6 and 10.)

The results of figures 7 and 10 show, ln general, that the effect of
cross sectlon and bend on the yawing-moment charscteristics for the fuse-
lages alone are similar to the results obtained for the complete model.
The use of circular cross sectlon Fo instead of elliptical cross section
Fy for the bent fuselages resulted generally in & more nearly linear

varlation of Cp wlth angle of sildeslip B and in a smaller variation
of Cnﬁ with angle of attack. These effects, however, were somevwhat

less for the straight fuselages Fz and Fj. (See figs. T and 10.) A
comparison of the data of fuselasges Fy and F3 and fuselsges Fo

and Fl Iindicates that not only did the bend cause a less linear veril-
ation of Cn with angle of sideslip and increase the varistion of CnB

with angle of sttack, but also the fuselage alone was dlrectionally stable
at certain sngles of attack for a limited sideslip range which is not
ususglly the case for a fuselage alone.

The results of flgures 8 and 11 show that the vertical tail Tl’

when mounted on any of the fuselsges, 1s considerably affected by adverse
fuselage sidewash, which generaslly results in & tail effectiveness con-
siderably smaller at a glven sideslip angle than that of the isolated-
tail assembly. Thé sidewash effect probably causes the erratic varlation
of yawing-moment coefficient at large angles of sideslip for the complete
model which is not generally present for the fuselages without tail.
(Compare figs. 6 and 7.)

The Cnﬁ % results calculated with the aild of references 5 and 6
2

for the isolated tall (fig. 11) are in fair agreement with the measured
results. The differences between calculated and mesassured data may be
the result of fallure to include the end-plate effect of the horizontal
tail in the calculasted isolsted tail velues.

Directional Characteristics of Fuselage with Tail T,

The effect of substituting To (a teil with about 2% times the area

of Tl) in place of T3 can be seen by comparing the data of figures 6
end 9. As was expected, the tail T, resulted in'a substantial improve-
ment in the directionsl stability characteristics for all fuselage models;
however, the erratic behavior of the yawing-moment-coefficient curves with
angle of sideslip (fig. 9) was still apperent.
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A study of the yawlng-moment results of figures 6 and 9 and of the
dlrectional stabillty parameter CnB for the configurstions with Ty

or To (fig. 10) and the corresponding contribution of T, and Tp to
the directional stability parameter Cn13 t..(fig. 11) indicates that,
J

except for magnltude, the effect of changing the fuselage cross section
and the effect of bend when To 1s used 1s similaer to that for the fuse-

leges with Ty.

CONCLUSIONS

The results of a low-speed investigetion in the Langley stability
tunnel to determine the dlrectional stability cheracteristics of
nonoverlep-type tandem helicopter fuselage models has indicsasted the
following conclusions:

1. A straight fuselage model with circular cross section, in general,
had a more nearly linear veriation of yewing-moment coefficient with angle
of sideslip and a smaller variation of directional stebility with angle of
attack than bent and straight fuselage models with essentially elliptical
cross section or than a bent fuselage with circular cross section.

2. Changlng the fuselage cross-sectional shape from elliptical to
circular cross section resulted in a more nearly linear variation of
yawing-moment coefficient with angle of sideslip and in a smaller varia-
tion of directional stability with angle of attack. Adding the bend in
the fuselage, in general, made the adverse effects of flattening the fuse-
lage cross sectlon more pronounced.

3. Twin vertical tails (each having an area of 46.30 square inches)
did not provide directional stability throughout the angle-of-attack range
for any of the models investigated; however, twin vertical tails of about

2% times this area provided a substantial improvement in the directional

stabillty for all models.

Langley Aeronsutical Leboratory,
National Advisory Committee for Aeronautics,
lengley Field, Va., January 19, 1956.
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Figure 15.- Side-~force characteristics in gideslip at several angles of atiack for various con-
figurations of & nonoverlap-type helicopter fuselage model.
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Figure 16.- Rolling-moment chgracteristics in sideslip at several angles of attack for various
configurations of a nonoverlap-type helicopter fuselage model.
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Figure 17.- Rolling-moment characteristics in sideslip at several angles of sttack for wvarious
configurations of a nonoverlap-type helicopter fuselage model.
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